Abstract We studied changes of pain intensity and functional impairment in 22 patients with osteoarthrosis undergoing total hip replacement. Using a visual analogue scale, the mean scores for pain and disability before surgery were 71.7 and 70.9 respectively. Both scores showed gradual improvement during a 1-year follow-up period, with more than 90% of the total improvement occurring within the first 3 months. After 1 year, the scores for pain and disability were 11.9 and 4.1 respectively. The hip joint capsule was studied using immunohistochemistry to detect neurofilaments. Neurofilament immunoreactivity was observed in 16/22 cases and was correlated with pain and disability scores. However, there were no correlations between pre-and postoperative pain scores, the score changes, and the quantity of capsular neurofilaments. Thus, other factors than capsular neurofilaments influence the scores of pain and disability in osteoarthritis.
Introduction
Pain is an essential symptom of osteoarthritis (OA). Chronic pain in OA often leads to disability. Both pain and disability may be indications for total hip replacement (THR) and may influence the final outcome of the operation [8] . Therefore, one of the most important aims is to relieve pain. Non-steroidal anti-inflammatory drugs (NSAIDs), which are widely used, cause only temporarily relief and can cause severe complications [5, 9] . In patients with severe, destructive OA, only THR can diminish pain and improve physical function and quality of life. In addition, the intensity of pain may predict the final outcome of the THR: the more the pain, the poorer the outcome [12] .
Irrespective of the underlying mechanisms, joint pain is usually associated with the activation of nociceptors, or free nerve endings, of the neighbouring tissues [13] . Thus, apart from other biochemical mechanisms, the presence and quantity of neuronal elements in the joint capsule may also be involved in the pathogenesis of pre-or postoperative pain.
In this study, we evaluated changes in pain intensity and functional impairment in patients with OA undergoing THR. These two indicators were correlated with each other, as well as with the quantity of neuronal elements, such as neurofilaments (NF), in the capsule of the affected joint. In addition, the possible involvement of mast cells, key players in inflammation and pain, was investigated.
Materials and methods

Patients and tissue samples
Twenty-two patients undergoing THR due to severe OA were arbitrarily selected for this study. In every patient, the joint capsule with the synovial membrane was subtotally removed during surgery and fixed in 4% phosphate-buffered paraformaldehyde solution (pH 7.4) overnight. Small pieces of tissue were then washed in 0.1 M phosphate buffer and then in 10 and 20% sucrose dissolved in the same buffer solution. Sixty-micrometre frozen sections were cut in a cryostat and processed for immunohistochemistry.
Immunohistochemistry
Sections were incubated with monoclonal antibody anti-NF 200 (Sigma) for 2 days at 4C and then transferred into a solution of mouse avidin-biotinylated peroxidase complex for 4 h at room temperature. Immunoreactivity was developed using nickel-enhanced diaminobenzidine (DAB) chromogen reaction. In cases of positive immunoreactivity for NF, further immunohistochemical analysis was carried out using antibodies detecting substance P (SP; INSTAR), calcitonin-gene-related peptide (CGRP; Peninsula Labs), and neurokinin 1 (NK1; Sigma). Immunoreactions using non-specific IgG were used as negative controls.
Samples showing no immunoreactivity with NF were assigned a score of 0. Those showing positive reaction were scored using a 1-5 semiquantitative scale according to the density of nerve fibres per microscopic field. In all specimens, dimethyl-methylene blue (DMMB; PolyScience) staining was performed at 1.5 pH to detect mast cells.
Evaluation of pain and disability
A visual analogue scale (VAS) of 100 mm was used to assess the intensity of pain and the functional impairment of the patients. All patients were assessed at five time points: before surgery, 2 weeks and 3, 6 and 12 months after surgery. We correlated pain and disability scores with each other, as well as with the score of NF in the joint capsule.
Statistical analysis
Paired t-test, Pearson correlation and independent samples tests were used to detect significant differences and correlations. P values <0.05 were considered as statistically significant.
Results
Before surgery, most patients suffered from severe pain. The mean pre-operative pain score was 71.7 mm. The decrease in pain intensity was significant at every time point after the THR. VAS score was 27.9 mm, 17.4 mm, 15.8 mm and 11.9 mm at 2 weeks, 3, 6 and 12 months, respectively. This reflects a 61%, 75%, 78% and 83% pain reduction at various time points, respectively (P<0.05) (Fig. 1) . During the follow-up period, pain scores showed gradual improvement, but the scale of improvement was not even. The major pain decrease occurred within the first 3 months (Table 1 , Fig. 1 ).
OA also caused severe functional impairment in these patients: the mean pre-operative VAS disability score was 70.9 mm. Improvement after the operation was significant at every time point: the VAS disability score was 20.1 mm, 8.2 mm, 5.5 mm and 4.1 mm at 0.5, 3, 6 and 12 months, respectively. These scores reflect 71.7%, 88.4%, 92.2% and 94.2% reductions in disability at the above-mentioned time points, respectively (P<0.05) (Fig. 1) . The decrease in the mean disability score was more pronounced than in the case of the pain score. Again, functional status improved mostly in the first 3 post-operative months.
Parallel comparison of pain and disability VAS scores was carried out during the four follow-up periods. Pearson's correlation test showed strong correlation during the first and second follow-up periods (R: 0.786 and 0.684), while some correlation was found during the third (R: 0.476) and none during the final (R: 0.281) follow-up interval.
Positive NF immunoreactivity was observed in 16/22 cases indicating the presence of nerve fibres in the capsule tissue. Smaller and larger bundles of nerve fibres of different diameters were detected both in the dense connective tissue of joint capsule and in the synovial membrane (Fig. 2) . In many cases, some of the small calibre fibres left the bundles and formed a delicate network or plexus in the loose connective tissue. These fibres may represent the free nerve endings, located quite frequently in close vicinity to the blood vessels. The density of the nerve fibres varied in the specimens. More than half of the NF-positive specimens had scores between 3 and 5. Positive immunoreactivity with CGRP, SP and NK1 was detected in most of the NF-positive tissues. In these cases, immunoreactivity was detected in the small calibre fibres, the majority of which were located around the blood vessels. Fig. 1 Changes of the pain and disability mean visual analogue scale (VAS) scores DMMB staining showed violet-purple granules in the cytoplasm of some round-shaped cells. The metachromatic staining is characteristic for mast cells. Mast cells were located predominantly in the loose connective tissue, in many cases next to the small blood vessels. Mast cells were present in all tissues studied, but their number was higher in NF-positive specimens. In many cases, scattered metachromatic granules were present in the extra-cellular part of the tissue indicating degranulation of mast cells.
However, the number of capsular NF (semiquantitative NF score) did not show any significant correlation with scores of pre-and post-operative pain or disability or with changes in scores.
Discussion
OA is accompanied by pain and functional impairment. In several cases, there is great discrepancy between the preoperative hyperalgesia, functional impairment of the patient and the structural damage [4] . The pre-operative radiographic stage of OA is of no predictive value for the post-operative outcome of THR [11] . One possible source of pain may be the mechanical and chemical irritation caused by derangement of articular cartilage, the high tension of the articular capsule produced by an increased amount of synovial fluid [6] , and the increased intraosseous pressure [1, 10] .
Joint inflammation accompanying OA causes peripheral and central sensitisation. Peripheral sensitisation is produced by the action of inflammatory mediators such as prostaglandins, neuropeptides, bradykinin and cytokines, which activate the nociceptors [17] . Some cytokines increase the production of NGF in various connective tissue cells including the mast cells [16] . NGF exerts a modulatory role on sensory nociceptive neurons and seems to be correlated with the hyperalgesia occurring in tissue inflammation [16, 19] . Our present results suggest that the large number of mast cells in the NF-positive specimens may be associated with this process. In the NFpositive specimens, the small calibre showed a positive immunoreaction for SP, CGRP and NK1. These fibres may represent A delta and C fibres associated with the pain sensation. In chronic neuropathic pain, one of the receptors of the SP, the NK1, is upregulated [7, 20] . The complex neuronal activation involves not only local sensitisation of joint nociceptors but also modifications in central pain pathways [13, 17] . Muscle hyperalgesia and Table 1 Quantity of nerve fibres, pain and disability expressed in scores extended pain areas might be due to central sensitisation caused by painful OA [2] .
THR implantation decreases the pain and improves the quality of life [3] . In our study, significant improvement of pain and disability was observed in all patients. However, no correlation was found between the intensity of pre-operative pain, functional impairment and quantity of NF in the capsule of the operated hip. These findings seem to be different from those published by Rabinowicz et al. This group found correlation between the nerve lesions of the synovial membrane and the capsule and the existence or absence of hip pain [14] . In their opinion, the nerves are preserved for a long time despite progressive surrounding lesions, and this fact may explain the persistence of pain [15] .
According to our present findings, pain accompanying OA cannot be explained by the presence or absence and quantity of NF in the joint capsule. This fact is supported by the results after minimal invasive hip replacement [18] . Pain decrease is significant even after minimally invasive procedures although the joint capsule is not removed.
